Towards Understanding the Importance of Co-Located Gameplay by Wehbe, Rina Renee & Nacke, Lennart
Towards Understanding the 
Importance of Co-Located Gameplay
Abstract 
Analyzing the social context present in a gameplay 
environment and its effect on player experience can 
provide insights informing the design and social value 
of games. We investigate the influence of social 
condition (cooperative or competitive play with a 
human player versus computer-controlled character) on 
player experience. The study controlled for co-presence 
by ensuring that another individual attending to the 
same stimulus was present in all conditions. Although 
physiological measures were not significant, subjective 
measures of arousal and pleasure were significantly 
different under varying conditions.   
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Introduction 
This paper seeks to understand the social context of 
games and the effects of varying social gameplay 
conditions. Our main research question is whether 
social conditions (i.e., social cooperative, competitive, 
multiplayer environments, or computer-controlled 
single-player environments) are comparable, or if there 
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are conditions that affect the player experience more 
significantly. However, the presented study extends 
this concept by consistently having another player in 
the same room as the participant. Thus, investigators 
are able to study co-located multiplayer settings and 
control for the contextual presence of a non-player 
attending to the game. By comparing these conditions, 
the paper seeks to investigate whether experiential 
effects are due to the physical presence of another 
person, or if self-reported differences are caused by 
factors in multiplayer interaction with either a 
computer-controlled character or human player [11].  
Related Work 
Humans are always in a social environment. Previous 
research links social context to player experience. A 
recent study reported that playing against a computer 
can even cause players to be more aggressive than 
when competing with fellow humans [13]. Emmerich 
[4] took a qualitative approach to understanding the
effects of the presence of friends or strangers on player
experience. The paper claims that the social play
experience can be affected by a set of factors including
the number of players present, the relationship
between players (i.e. friends or strangers), the
interaction imposed on players by the game itself (e.g.
competition or cooperation), the communication
mechanism of the game (e.g. chat versus face-to-face
communication), and the attendance of players or
spectators [5]. One study [13] explores how
cooperation and competition affect player experience
by creating a game that allows for consistency between
game modes to make the variable (social interaction)
comparable. Researchers found that cooperation was
more likely to inspire empathy, while competition
yielded high positive affect. This result is also
supported by [12], which demonstrated that the 
competitive condition has higher affect, as well as 
promoting the expression of aggression [4]. This 
illustrates that there is a measurable difference in 
player experience scores depending on the social 
context. However, the study relied on self-report data. 
Both William [13] and Emmerich [4] indicate that an 
increase in aggression arises in competitive gameplay. 
Similarly, in a paper comparing the nature of the 
opponent including a human friend, stranger, or a 
computer player, significant effects on spatial presence 
were found [8]. Researchers suggested that this 
change affects both player arousal and attention. 
Physiological measures such as EEG can be used to 
understand player experience by investigating the 
player’s brain state during game events. Using EEG, 
HFAA can be used to measure a participant’s arousal 
level. A study by Salminen et al. [10] explores how 
game events modulate player arousal. The study also 
divides the playing conditions into cooperative and 
competitive gameplay. The authors use HFAA to 
investigate the arousal levels of the player. The authors 
note that more arousing games are perceived as more 
enjoyable [10]. Wehbe et al. [11] also used HFAA as an 
indicator of arousal in the context of player experience. 
Since HFAA is multivalent, the study compared the data 
to a secondary measure to anchor the results.  
Hypotheses 
The first hypothesis examines the differences in social 
situations and their deviation from the control condition 
when playing with computer-controlled characters or 
artificial intelligence (AI). H1: Social playing conditions 
(competitive, cooperative, and computer-controlled 
character) will show significant differences in affect 
(physiological and self-reported arousal, pleasure, and 
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 dominance). In particular, the literature has illustrated 
a positive difference in player experience when playing 
against a human character. Therefore, H2: The 
competitive and cooperative conditions will show 
significantly different affect in comparison to the 
computer-controlled character condition. Finally, H3: 
The competitive condition will elicit more negative 
valence in comparison to the cooperative condition.  
Methodology 
This study uses a three-level factorial within-
participants design. Each factor level represents a 
different social playing condition (cooperative, 
competitive, and computer-controlled character). In the 
cooperative condition, the player’s character and the 
confederate’s character were on the same team and are 
competing against two computer-controlled characters. 
In the competitive condition, the player competes with 
the confederate. In this condition, the player’s 
character is assisted by one computer-controlled 
character and faces the confederate, who is assisted by 
one computer-controlled character. In the computer-
controlled character condition, the player competes 
against two computer-controlled characters, assisted by 
a computer-controlled character partner. The 
experimenter acting as a confederate kept social 
interactions to a minimum (talking, instructing) and 
only responded to the player briefly if addressed. The 
confederate set-up the game for the participant, the 
participant was always aware of the game condition 
(co-operative, competitive, or computer-controlled). 
Order of presentation was randomized to reduce 
learning effects. In all conditions, the confederate is 
present in the room.  
All measures that were used can provide information on 
the participant's level of arousal: Skin Conductance 
(SC), Heart Rate (HR), Heart Rate Variability (HRV), 
and electroencephalography (EEG). The ANT ASA 
system that was used for the collection of EEG data 
features 64 channels in a 10-20 layout gel-based 
electrode cap with a 2048 Hz sampling rate. The 
electrodes correspond to the frontal lobe on opposite 
sides of the head, which are compared in HFAA. The 
electrodes used are: FP1, AF7, AF3, F7, F5, F3, F1, FT7, 
FC5, and FC3 in comparison to FP2, AF4, AF8, F2, F4, 
F6, F8, FC2, FC4, FC6, and FT8. HFAA was used to 
understand the arousal of the participant [3,10,12]. A 
Nexus II Mark 10 device was used to obtain HR and 
HRV data using silver electrodes with a 256 Hz 
sampling rate. HR was collected by placing sensors on 
the arms. For the raw data, both HR and HRV were 
calculated for each condition. The Nexus system was 
also used to measure skin conductance with a 256 Hz 
sampling rate. Electrodes were placed on participants’ 
ring and little fingers. The SC of the participant was 
used as another measure of arousal in this study. The 
SAM [8] was used to better understand the 
participant’s perception of dominance, pleasure, and 
arousal during play.  
The game used was Dungeon Duos, a mini-game within 
Mario Party 4 (Nintendo, 2002). The game was played 
on the Nintendo Wii with Gamecube controllers. The 
game features two opposing teams; players must 
cooperate with their teammate to pass safely through 
obstacles in the fastest way possible. The fastest team 
escapes the dungeon and wins the race.  
In total, 32 participants were invited to participate in 
the study. Two participants were excluded because of 
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Figure 1: Results of the SAM. The above 
graph shows the results of SAM 
dimension compared for each condition. 
 
 
equipment failure, leaving a total of 30 participants: 15 
female and 15 male. The average age of participants 
was 21 years, ranging from 18-34 years. All 
participants reported that they have been playing video 
games for over five years. The final analysis resulted in 
a total of 23 data sets from participants used in the 
EEG analysis (seven sets were excluded due to sensor 
or recording errors).  
Results 
A within-participants general linear model repeated-
measures analysis of variance (RM ANOVA) was 
conducted for average heart rate (HR) by social 
condition. The data was tested by Mauchly’s test of 
sphericity. Sphericity (χ2(2) = 22.952, p = 0.001) was 
violated, and the RM ANOVA was corrected with a 
Greenhouse-Geisser (GG) estimate. Therefore, HR was 
not significantly different between conditions. In other 
words, all conditions elicited HR that was statistically 
similar. The HRV data was also analyzed using a RM 
ANOVA. The data also violated Mauchly’s test of 
sphericity (χ2(2) = 39.442, p < 0.001). Therefore, the 
ANOVA was calculated using GG. The HRV was not 
significantly different between the experimental 
conditions. A within-measures ANOVA was also 
calculated for SC. The data also violated Mauchly’s test 
of sphericity (χ2 (2) = 107.928, p < 0.001). The ANOVA 
with GG correction was again not significant. HFAA was 
calculated from the raw EEG data. The data was 
exported from the ASA software after using the FFT 
function to divide the waves into their component 
frequency bands. Using MATLAB, the electrode data 
were divided into right and left hemisphere, having the 
baseline subtracted (as well as logarithmic 
normalization of the data). The final calculation used 
was ln R - ln L = ln (R/L) in accordance with [1,3]. The 
data was then analyzed in the IBM SPSS statistics 
software using a repeated-measures general linear 
model. The data for three different social playing 
conditions (computer-controlled, cooperative, and 
competitive) were calculated using HFAA. Mauchly’s 
test of sphericity was not violated and sphericity was 
assumed. The test of within-participants effects with 
sphericity assumed was not significant. For the SAM 
data, pleasure was run with a RM ANOVA. Mauchly’s 
test of sphericity was not significant. The ANOVA 
resulted in F(2, 44) = 3.021, p = 0.059, p2 =0.121. 
Therefore, the pleasure dimension was not significantly 
different between conditions. Pairwise comparisons 
reveal that there is no significant difference between 
cooperative and single-player gameplay with computer-
controlled players (p=0.054) or cooperative and 
competitive (p=0.698). However, there were significant 
differences in pleasure ratings for competitive versus 
single-player (playing with computer-controlled 
characters) conditions (p=0.015). Arousal data was 
tested for significant differences using an RM ANOVA. 
Mauchly’s test of sphericity was significant (χ2 (2) = 
6.827, p = 0.033). The RM ANOVA was also significant, 
F(1.566, 34.441) = 3.847, p = 0.040, p2 = 0.149. 
Pairwise comparisons reveal significant differences in 
arousal between multiplayer competitive, and single-
player (computer-controlled) conditions (p=0.039). 
Additional arousal differences were found between 
cooperative play and single player computer-controlled 
players (p=0.016). As Figure 1 shows, both cooperative 
and competitive gameplay scored higher in arousal 
than computer-controlled gameplay. However, pairwise 
comparison reveals no significant differences between 
playing cooperatively or competitively when co-located 
with another player (p=0.478). The dominance data 
was analyzed with a RM ANOVA. Neither Mauchly’s test 
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 of sphericity nor the RM ANOVA were significant. 
Therefore, there is no significant difference between 
conditions and the feeling of dominance. 
Discussion  
Literature in the field has demonstrated significant 
differences in measures such as self-reported 
enjoyment and aggression when playing with a person 
versus playing with a computer-controlled character 
[4,13]. We sought to demonstrate this difference 
objectively using physiological measures, but did not 
succeed. Significant differences between social 
gameplay conditions were not found using physiological 
measures (EEG, HR, HRV, SC) in this study. However, 
the SAM questionnaire does indicate some potential 
differences in user experience. Pleasure ratings on the 
SAM reveal that players felt more pleasure when 
competing against a person. However, the same cannot 
be said about cooperation. Although the results reveal a 
trend, cooperating with a computer versus a human 
player did not significantly affect the level of pleasure 
experienced by the player. The least significant 
difference was found between cooperative and 
competitive play with humans. Additionally, there were 
significant differences in perceived arousal between 
social gameplay conditions. Significant differences were 
found for both cooperative play versus single-player AI 
and competitive play versus single-player AI. However, 
significant differences were not found between playing 
cooperatively or competitively with another person.  
The player rated their enjoyment of the game 
differently based on the participation of the 
confederate, despite the minimal time difference 
between rounds. These findings suggest that although 
the player may have just played with the confederate 
the round before, there is a significant drop in arousal 
when the confederate withdraws from the match.  
The study seeks to control for co-presence such that 
effects observed stem from the type of social 
interaction. In addition, the literature supports that the 
relationship to the person with whom the player is 
interacting impacts the player [9]. Further research is 
thus needed to fully understand how the effects of co-
presence and social relationships interact to influence 
the player experience. Follow-up studies are needed to 
determine if the players' arousal level depends on their 
perception of fellow players, or the actual nature of 
those players.  
Future studies will also look at non-co-located 
conditions to understand the interactions between 
variables. Therefore, the following is left as a question 
for future research:  How do the effects of co-located 
individuals differ when participants are mutually 
present in the same platform or community group?   
Future Work 
Overall results of the study are surprising, considering 
the strong relationship presented by the literature in 
the field. Possibly, the results could be attributed to 
either the general fun factor of the Mario Party mini-
game (everything is equally exciting) or the use of an 
easy difficulty in the study (without a significant 
challenge from the computer, we do not witness 
arousal stemming from possible frustration). On the 
other hand, each condition includes computer-
controlled characters in some cooperative or 
competitive form, which might result in evening out any 
skill-based discrepancies between players that we 
might have been able to witness otherwise. Future 
737
 studies may seek to test these variables. This study 
sought to understand a player's level of arousal as a 
primary measure of player experience. This is in 
accordance with the literature, which studies arousal as 
an indicator of excitement [2,7,10]. However, all 
permutations of the environment, game choice, and 
study design are not explored. The study conducted in 
this paper only explores conditions where the human 
confederate was seated beside the player and did not 
explore other conditions of social play, such as playing 
online. Future work may also incorporate research on 
the effects of observation on player experience [6].  
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